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Abstract
The chiral SU(3) Lagrangian with pseudoscalar and vector D mesons and with the octet and
decuplet baryons is considered. The leading two-body counter terms involving two baryon fields and
two D meson fields are constructed in the open-charm sector. There are 26 terms. A combined
expansion in the inverse of the charm quark mass and in the inverse of the number of colors
provides sum rules that reduce the number of free parameter down to 5 only. Our result shows
the feasibility of a systematic computation of the open-charm baryon spectrum based on coupled-
channel dynamics.
PACS numbers: 11.40.-q, 12.38.Lg, 12.39.Fe, 12.39.Hg
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I. INTRODUCTION
The chiral SU(3) Lagrangian with the pseudoscalar and vector D mesons has been ap-
plied extensively in the literature (see e.g. [1–4]). Most exciting are recent studies on s-wave
scattering of Goldstone bosons offD mesons [5–8] The leading order coupled-channel interac-
tion leads to the formation of scalar and axial-vector D mesons with properties compatible
with the known empirical constraints. Such results are similar to findings on the s-wave
scattering of the Goldstone bosons off the baryon octet and decuplet states (see e.g. [9–11]),
where the coupled-channel dynamics based on the leading order chiral Lagrangian generates
s- and d-wave baryon resonances.
The main objective of the present study is to pave the way for systematic coupled-
channel computations on open-charm baryon resonances. A first application of the chiral
Lagrangian to s-wave baryon resonances considered the coupled-channel interaction of the
Goldstone bosons with the ground-state baryons with open charm [12]. A rich spectrum of
chiral excitations was obtained. The challenge of the open-charm sector is the possibility of
charm-exchange reactions, where the charm of the baryon is transferred to the meson. A first
phenomenological case study modeled the coupled-channel force by a t-channel exchange of
vector mesons in the static limit [13–15]. Such a t-channel force recovers the leading order
predictions of the chiral symmetry whenever Goldstone bosons are involved. It was shown in
[13, 14, 16] that a rich spectrum of s- and d-wave baryon resonances is generated dynamically
based on such a schematic ansatz. Two types of resonances are generated. The resonances
of the first type are formed predominantly by the interaction of the Goldstone bosons with
the open-charm baryon ground states, and the second type is a consequence of the coupled-
channel interaction of the D mesons with the octet and decuplet baryons. For both types of
resonances the exchange of the light vector mesons constitute the driving forces that generate
the hadronic molecules. The exchange of charmed vector mesons leads to the typically small
widths of the second type resonances.
While the interaction of the Goldstone bosons with any hadron is dictated by chiral
symmetry, this is not true for the interaction of the D mesons with e.g. baryons. At leading
order the D mesons interact with baryons via local counter terms that are undetermined by
chiral symmetry. This resembles the situation encountered in chiral studies of the nucleon-
nucleon force (for a review see e.g. [17]). Only the long-range part of the interaction is
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controlled by chiral interactions, the short range part needs to be parameterized in terms of a
priori unknown contact terms. Needless to state that a reliable coupled-channel computation
requires the consideration of both, the short-range and long-range forces.
The purpose of the present work is a systematic construction of the leading order contact
terms for the interaction of the D mesons with the baryon octet and decuplet states. Though
the chiral symmetry does not constraint such contact terms, there are significant correlations
amongst the counter terms implied by the heavy-quark symmetry and the large-Nc limit of
QCD. In the limit of a large charm quark mass the pseudoscalar and vector D mesons form
a spin multiplet with degenerate properties [1]. Thus, a systematic coupled-channel com-
putation in this limit requires the simultaneous consideration of pseudoscalar and vector D
mesons. This leads necessarily to the presence of long-range t-channel forces. The transition
of a vector D meson to a pseudoscalar D meson involves a Goldstone boson. A first attempt
to consider pseudoscalar and vector D mesons on an equal footing, however, assuming zero
range forces only, can be found in [18]. Similarly, in the limit of a large number of colors
in QCD the baryon octet and decuplet states form a super multiplet [19, 20]. This asks for
the simultaneous consideration of the octet and decuplet baryons.
In a recent study two of the authors worked out the implications of large-Nc QCD on the
local counter terms of the Goldstone boson interaction with the baryon octet and decuplet
states [21]. The technology developed in [22, 23] was applied. Matrix elements of current-
current correlation functions were evaluated in the baryon octet and decuplet states. The
matrix elements were expanded in powers of 1/Nc applying the operator reduction rules
of [23]. This technology is well suited for an application to the open-charm sector. The
implications of heavy-quark symmetry on the counter terms can be worked out using a
suitable multiplet representation of the pseudoscalar and vector D mesons [2–4].
II. CHIRAL LAGRANGIAN WITH MESON AND BARYON FIELDS
The construction rules for the chiral SU(3) Lagrangian density are recalled. For more
technical details see for example [24–32]. The basic building blocks of the chiral Lagrangian
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are
Uµ =
1
2
e−i
Φ
2 f
(
∂µ e
i Φ
f
)
e−i
Φ
2 f , B , Bµ , D , Dµν ,
χ± =
1
2
(
e+i
Φ
2 f χ0 e
+i Φ
2 f ± e−i Φ2 f χ0 e−i
Φ
2 f
)
, (1)
where we include the pseudoscalar meson octet fields Φ(JP= 0−), the baryon octet fields
B(JP = 1
2
+
) and the baryon decuplet fields Bµ(J
P = 3
2
+
). Furthermore we introduce the
SU(3) flavor antitriplet fields D(JP= 0−) and Dµν(JP= 1−) to describe the pseudoscalar
and vector D mesons [6]. Explicit chiral symmetry-breaking is included in terms of scalar
and pseudoscalar source fields χ± proportional to the quark mass matrix of QCD with
χ0 = 2B0 diag(mu, md, ms). The merit of the particular field combinations in Eq. (1) is
their identical transformation property under chiral SUL(3)⊗ SUR(3) rotations.
The octet fields may be decomposed into their isospin multiplets,
Φ = τ · π + α† ·K +K† · α+ η λ8 ,
√
2B = α† ·N + λ8 Λ+ τ · Σ + Ξt i σ2 ·α ,
α† = 1√
2
(λ4 + i λ5, λ6 + i λ7) , τ = (λ1, λ2, λ3) , (2)
with K = (K(+), K(0))t, for instance. The matrices λi are the Gell-Mann matrices and σ2
is the second Pauli matrix. The open-charm fields D and Dµν form flavor antitriplets with
e.g. D = (D0,−D+, D+s ). The baryon decuplet fields Babcµ are completely symmetric in
a, b, c = 1, 2, 3 and are related to the physical states by
B111 = ∆++ , B113 = Σ+/
√
3 , B133 = Ξ0/
√
3 , B333 = Ω− ,
B112 = ∆+/
√
3 , B123 = Σ0/
√
6 , B233 = Ξ−/
√
3 ,
B122 = ∆0/
√
3 , B223 = Σ−/
√
3 ,
B222 = ∆− .
(3)
To cope with flavor indices in the products of SU(3) tensors containing decuplet fields, we
shall apply a compact dot-notation suggested in [33]:
(B¯µ · Bν)mk ≡ B¯µijk Bijmν , (B¯µ · Φ)mk ≡ B¯µijk Φil ǫjlm, (Φ · Bµ)mk ≡ Bijmµ Φli ǫjlk . (4)
The chiral Lagrangian consists of all possible interaction terms, formed with the fields
Uµ, B, Bµ, D ,Dµν and χ±. Derivatives of the fields must be included in compliance with
the local chiral SU(3) symmetry. This leads to the notion of a covariant derivative Dµ which
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is identical for all fields in Eq. (1). For baryons, the covariant derivative Dµ acts on the
octet and decuplet fields as follows:
(DµB)ab = ∂µBab + Γaµ,lBlb − Γlµ,bBal ,
(DµBν)abc = ∂µBabcν + Γaµ,lBlbcν + Γbµ,lBalcν + Γcµ,lBablν , (5)
with Γµ = −Γ†µ given by
Γµ =
1
2
e−i
Φ
2 f
[
∂µ − i (vµ + aµ)
]
e+i
Φ
2 f + 1
2
e+i
Φ
2 f
[
∂µ − i (vµ − aµ)
]
e−i
Φ
2 f .
Analogous expressions hold for the covariant derivatives for the open-charm fields.
The chiral Lagrangian is a powerful tool, once it is combined with appropriate counting
rules leading to a systematic approximation strategy. We aim at describing hadronic in-
teractions at low-energy by constructing an expansion in small momenta and small quark
masses. In the following we construct the leading order two-body counter terms involving
two D meson and two baryon fields.
We begin with the terms with two baryon octet fields. There are 12 leading order terms
L = D
{
c
(S)
1 (B¯ B)+ + c
(S)
2 (B¯ B)− +
1
2
c
(S)
3 tr (B¯ B)
}
D¯
−1
2
Dµν
{
c˜
(S)
1 (B¯ B)+ + c˜
(S)
2 (B¯ B)− +
1
2
c˜
(S)
3 tr (B¯ B)
}
D¯µν
+
i
Mc
Dµν
{
c
(A)
1 (B¯ γ5 γ
µB)+ + c
(A)
2 (B¯ γ5 γ
µB)− +
1
2
c
(A)
3 tr (B¯ γ5 γ
µB)
}
(∂νD¯) + h.c.
+
1
4Mc
ǫµναβDµν
{
c˜
(A)
1 (B¯ γ5 γαB)+ + c˜
(A)
2 (B¯ γ5 γαB)−
+
1
2
c˜
(A)
3 tr (B¯ γ5 γαB)
}
(∂τ D¯τβ) + h.c. , (6)
where D¯ = D†, Mc is the mass of the charm quark and (B¯ ΓB)± stands for (anti-)-
commutator in flavor space. All structures describe s-wave scattering and therefore we
assign the chiral power Q0 to them. The total number of terms in Eq. (6) is readily un-
derstood. There are three different flavor SU(3) invariants only implying three types of
coupling constants c
(··· )
1 , c
(··· )
2 and c
(··· )
3 . It remains to understand the four spin structures.
There is one spin structure involving the pseudoscalar D mesons with the coupling constants
c(S)... . This follows since a two-body system of a spin zero and a spin one-half particle allows
to form one s-wave state only. In contrast, two s-wave states involving the vector D mesons
are possible. The relevant coupling constants are introduced with c˜(S)... and c˜
(A)
... . The terms
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parameterized with c(A)... describe the s-wave transitions from a pseudoscalar to a vector D
meson.
We continue with the leading order terms involving two baryon decuplet fields. At leading
order we find the relevance of the following 10 terms
L = −D
{
d
(S)
1 B¯
σ · Bσ + 1
2
d
(S)
2 tr (B¯
σ · Bσ)
}
D¯
+
1
2
Dµν
{
d˜
(S)
1 B¯
σ · Bσ + 1
2
d˜
(S)
2 tr (B¯
σ · Bσ)
}
D¯µν
+
i
4
ǫµναβ Dµν
{
d
(E)
1 B¯α · Bβ +
1
2
d
(E)
2 tr (B¯α · Bβ)
}
D¯ + h.c.
+
1
2
Dβµ
{
d˜
(E)
1 B¯α · Bβ +
1
2
d˜
(E)
2 tr (B¯α · Bβ)
}
D¯αµ
−1
2
Dαµ
{
d˜
(E)
3 B¯α · Bβ +
1
2
d˜
(E)
4 tr (B¯α · Bβ)
}
D¯βµ . (7)
In this case there are two independent flavor structures. Again, there is one spin structure
involving two pseudoscalar D meson fields with coupling constants d(S)... . Since a two-body
system of a spin three-half and a spin one particle allows to form three s-wave states only,
there are three different contractions of the Lorentz indices in the terms containing two
vector meson fields. There remains the last spin structure parameterized by d(E)... describing
the s-wave transitions from a pseudoscalar to a vector D meson.
We close the collection of our counter terms with structures involving a baryon octet and
a decuplet field. At leading order we find the following 4 terms
L = i
4
ǫµναβ
{
e
(A)
1 D (B¯µ · γ5 γν B) D¯αβ) + e(A)2 Dαβ (B¯µ · γ5 γν B) D¯ + h.c.
}
+
e˜
(A)
1
2
Dτν (B¯µ · γ5 γν B) D¯ µτ + h.c.
− e˜
(A)
2
2
Dτµ (B¯µ · γ5 γν B) D¯ ντ + h.c. . (8)
Altogether we constructed 26 leading order two-body counter terms. In the following we
shall use the heavy-quark symmetry in order to correlate the coupling constants introduced
above.
III. HEAVY QUARK MASS EXPANSION
In order to work out the implications of the heavy-quark symmetry of QCD it is useful
to introduce auxiliary and slowly varying fields, P±(x) and P
µ
±(x). We decompose the D
6
meson fields into such fields
D(x) = e−i (v·x)Mc P+(x) + e
+i (v·x)Mc P−(x) ,
Dµν(x) = i e−i (v·x)Mc
{
vµ P ν+(x)− vν P µ+(x) +
i
Mc
(
∂µP ν+ − ∂νP µ+
)}
+ i e+i (v·x)Mc
{
vµ P ν−(x)− vν P µ−(x)−
i
Mc
(
∂µP ν− − ∂νP µ−
)}
, (9)
with a 4-velocity v normalized by v2 = 1. The mass parameter Mc was already introduced
in Eq. (6). As a consequence of Eq. (9), time and spatial derivatives of the fields ∂αP± are
small compared to Mc vα P . In the limit Mc →∞ the former terms can be neglected. Note
that the fields P± and P
µ
± annihilate quanta with charm content ±1. ¿From the equation of
motion for the vector D mesons it follows
∂µ∂αD
αν − ∂ν∂αDαµ +M2c Dµν = 0 ↔
{
(∂ · ∂)∓ 2Mc i (v · ∂)
}
P µ± = 0 & ∓ iMc vµ P µ± + ∂µ P µ± = 0 , (10)
which teaches us that any term vµP
µ vanishes in the heavy-quark mass limit.
In the limit of infinite quark mass, the fields P± and P
µ
± may be combined into an
appropriate multiplet field. This reflects the fact that in this limit the 1− and 0− mesons
are related by a spin flip of the charm quark, which does not cost any energy. Therefore,
the properties of pseudoscalar and vector states should be closely related. We follow here
the formalism developed in [2, 3, 34–36] and introduce the multiplet field H , connected to
the fields P+ and P
µ
+ as follows
1
H =
1
2
(
1 + v/
)(
γµ P
µ
+ + i γ5 P+
)
H¯ = γ0H
† γ0 =
(
P †+,µ γ
µ + P †+ i γ5
) 1
2
(
1 + v/
)
,
P µ+ vµ = 0 , v
2 = 1 , (11)
in terms of which the interaction should be composed. According to Ref. [1], the field H
transforms under the heavy-quark spin symmetry group SUv(2), the elements of which being
characterized by the 4-vector θα with θ · v = 0, as follows:
H → e−i Sα θα H , H¯ → γ0 (e−i Sα θα H)† γ0 = H¯ e+i Sα θα ,
Sα =
1
2
γ5 [v/, γ
α] , S†α γ0 = γ0 Sα , [v/, Sα]− = 0 . (12)
1 Note that tr γ5 γµ γν γα γβ = −4 i ǫµναβ in the convention used in this work.
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Under a Lorentz transformation, characterized by the antisymmetric tensor ωµν , the spinor
part of the field transforms as
H → ei Sµν ωµν H e−i Sµν ωµν , H¯ → ei Sµν ωµν H¯ e−i Sµν ωµν ,
Sµν =
i
4
[γµ, γν] . (13)
It follows that only combinations of the form where the Dirac matrices are right of the field
H or left to the field H¯ are invariant under the spin group SUv(2). Now it is straightforward
to construct the SUv(2)-invariant effective Lagrange density bearing the structures detailed
in Eqs. (6-8). We introduce
L = − 1
2
trH
{
f
(S)
1 (B¯B)+ + f
(S)
2 (B¯B)− +
1
2
f
(S)
3 tr(B¯B)− f (S)4 (B¯αBα)−
1
2
f
(S)
5 tr(B¯αB
α)
}
H¯
− 1
2
trH
{
f
(A)
1 (B¯ γ5 γ
µB)+ + f
(A)
2 (B¯ γ5 γ
µB)− +
1
2
f
(A)
3 tr (B¯ γ5 γ
µB)
}
γ5 γµ H¯
+
i
4
trH
{
f
(T )
1 (B¯µBν) +
1
2
f
(T )
2 tr (B¯µBν) + f
(T )
3 (B¯µ γ5 γν B − B¯ γ5 γν Bµ)
}
σµν H¯ . (14)
We recall that the field H is a three-dimensional row in flavor space, each of its components
consisting of a 4 dimensional Dirac matrix. With the help of Eq. (9) and Eq. (11) the chiral
and the SUv(2)-invariant effective interactions can be expressed in terms of the fields P+
and P µ+. By matching these expressions to each other we obtain 15 relations
c
(S)
1 = c˜
(S)
1 = f
(S)
1 , c
(S)
2 = c˜
(S)
2 = f
(S)
2 , c
(S)
3 = c˜
(S)
3 = f
(S)
3 ,
d
(S)
1 = d˜
(S)
1 = f
(S)
4 , d
(S)
2 = d˜
(S)
2 = f
(S)
5 ,
c
(A)
1 = c˜
(A)
1 = f
(A)
1 , c
(A)
2 = c˜
(A)
2 = f
(A)
2 , c
(A)
3 = c˜
(A)
3 = f
(A)
3 ,
d
(E)
1 = d˜
(E)
1 = d˜
(E)
3 = f
(T )
1 , d
(E)
2 = d˜
(E)
2 = d˜
(E)
4 = f
(T )
2 ,
e
(A)
1 = e
(A)
2 = e˜
(A)
1 = e˜
(A)
2 = f
(T )
3 . (15)
Having implemented the heavy-quark symmetry, out of 26 parameters from Section II there
remain 11 independent parameters only.
IV. LARGE-Nc OPERATOR ANALYSIS
In this section we further correlate the parameters of the effective interaction introduced
in Section II. We follow the works of Luty and March-Russell [22] and of Dashen, Jenkins and
Manohar [23]. These works introduced a formalism for a systematic expansion of baryon
8
matrix elements of QCD quark operators in powers of 1/Nc. In a previous work two of
the authors detailed the application of this formalism to correlation functions involving a
product of two axial-vector quark currents [21]. Here we further adapt the formalism for
the case where charm changing quark currents occur. We consider baryon matrix elements
of the following products of two quark currents:
CAAµν,a(q) = i
∫
d4x e−i q·x T Aµ(0) λa A¯ν(x) , A¯µ(x) = A†µ(x) ,
CV Vµν,a(q) = i
∫
d4x e−i q·x T Vµ(0) λa V¯ν(x) , V¯µ(x) = V †µ (x) ,
CV Aµν,a(q) = i
∫
d4x e−i q·x T Vµ(0) λa A¯ν(x) ,
A¯µ(x) = c¯(x) γµ γ5


u(x)
d(x)
s(x)

 , V¯µ(x) = c¯(x) γµ


u(x)
d(x)
s(x)

 , (16)
with the quark field operators u(x), d(x), s(x), c(x) of the up, down, strange and charm
quarks. With λa we denote the Gell-Mann matrices supplemented with a singlet matrix
λ0 =
√
2/31 .
In QCD the charm changing vector and axial-vector currents are accessed by means of
classical source functions Vµ(x) and Aµ(x) that couple to the currents directly. Our effective
Lagrangian may be considered to be a function of such classical sources. All what we need
in the following is the existence of a direct coupling of these sources to the D meson fields
L = fA
[
Aµ (∂µ D¯) + (∂µD) A¯µ
]
+
fV
MV
[
Vν (∂µ D¯µν) + (∂µDµν) V¯ν
]
, (17)
with some coupling constants fA and fV . With Eq. (17) the counter terms introduced in
Section II contribute to the matrix elements of C
(XY )
µν (q) (X, Y = V,A) in the baryon octet
and decuplet states. According to the LSZ reduction formalism, such contributions entail the
corresponding contributions to the on-shell D meson baryon scattering amplitudes. They
are identified unambiguously by taking the residuum of poles generated by the incoming and
outgoing D meson. For the sake of more compact notation in what follows, it is convenient
to introduce
C¯XYµν,a(q¯, q) =
q¯2 −M2X
fX
CXYµν,a(q)
q2 −M2Y
fY
, (18)
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with X, Y = V,A and MA and MV the masses of the pseudoscalar and vector D mesons
in the flavor SU(3) limit. In Eq. (18) we identify qµ and q¯µ with the 4-momenta of the
incoming and outgoing D mesons.
Our strategy is to first evaluate baryon matrix elements of the correlation function (18)
with the help of the chiral Lagrangian. Since each parameter in the chiral Lagrangian can be
dialed freely without violating any chiral Ward identity, we may focus on the contributions of
the two-body counter terms. Detailed results are collected in the Appendix. In a second step
we work out the 1/Nc expansion of the matrix elements of Eq. (18). Finally, we perform a
matching of the two results. A correlation of the parameters of the chiral Lagrangian arises.
Following Ref. [21], the baryon octet and decuplet states
|p, χ, a〉 , |p, χ, ijk〉 , (19)
are specified by the momentum p and the flavor indices a = 1, · · · , 8 and i, j, k = 1, 2, 3.
The spin-polarization label is χ = 1, 2 for the octet and χ = 1, · · · , 4 for the decuplet states.
At leading order in the 1/Nc the baryon-octet and decuplet states are degenerate. Thus,
it is sometimes convenient to suppress the reference to the particular state and use in the
following |p, χ〉 as a synonym for either a baryon-octet or baryon-decuplet state.
The large-Nc operator analysis rewrites matrix elements in the physical baryon states
|p, χ〉 in terms of auxiliary states |χ) that reflect the spin and flavor structure of the baryons
only. All dynamical information is moved into effective operators. The 1/Nc expansion takes
the generic form
〈p¯, χ¯| C¯µν,a(q¯, q) |p, χ〉 =
∑
n
cn(p¯, p)(χ¯|O(n)µν,a |χ) , (20)
where we assume all 4-momenta to be on-shell. In the the center-of-mass frame the two three
vectors p¯ and p characterize the kinematics. The effective operators O
(n)
µν,a are composed out
of spin, flavor and spin-flavor operators, Ji, T
a and Gai , which act on the auxiliary states |χ).
10
For Nc = 3 we recall the results of Refs. [21, 33]. It holds
Ji |a, χ) = 1
2
σ
(i)
χ¯χ |a, χ¯) ,
T a |b, χ) = i fbca |c, χ) ,
Gai |b, χ) = σ(i)χ¯χ
(1
2
dbca +
i
3
fbca
)
|c, χ¯) + 1
2
√
2
S
(i)
χ¯χ Λ
klm
ab |klm, χ¯) ,
Ji |klm, χ) = 3
2
(
~S σi ~S
†
)
χ¯χ
|klm, χ¯),
T a |klm, χ) = 3
2
Λa,nopklm |nop, χ),
Gai |klm, χ) =
3
4
(
~S σi ~S
†
)
χ¯χ
Λa,nopklm |nop, χ¯) +
1
2
√
2
(
S†i
)
χ¯χ
Λabklm |b, χ¯) , (21)
with the Pauli matrices σi and the transition matrices Si characterized by
S†i Sj = δij −
1
3
σiσj , Si σj − Sj σi = −i εijk Sk , ~S · ~S† = 1 (4×4) ,
~S† · ~S = 2 1 (2×2) , ~S · ~σ = 0 , ǫijk Si S†j = i ~S σk ~S† . (22)
In Eq. (21) we introduced further the notation
Λklmab =
[
εijk λ
(a)
li λ
(b)
mj
]
sym(klm)
, δ klmnop =
[
δkn δlo δmp
]
sym(nop)
,
Λabklm =
[
εijk λ
(a)
il λ
(b)
jm
]
sym(klm)
, Λa,klmnop =
[
λ
(a)
kn δlo δmp
]
sym(nop)
, (23)
which proved convenient in various derivations [21]. The symbol ’sym(nop)’ in Eq. (23) asks
for a symmetrization of the three indices nop, i.e. take the six permutations and divide out
a factor 6.
We return to the expansion (20). There are infinitely many terms one may write down.
At a given order in the 1/Nc expansion a finite number of terms is relevant only. The
counting is intricate since there is a subtle balance of suppression and enhancement effects.
An r-body operator consisting of the r products of any of the spin and flavor operators
receives the suppression factor N−rc . On the other hand baryon matrix elements taken at
Nc 6= 3 are enhanced by factors of Nc for the flavor and spin-flavor operators. The counting
advocated in [23] may be summarized by the effective scaling laws
Ji ∼ 1
Nc
, T a ∼ N0c , Gai ∼ N0c . (24)
The counting rules (24) by themselves are insufficient to arrive at significant results. At a
given order in the 1 over Nc expansion there still is an infinite number of terms contributing.
11
Taking higher products of flavor and spin-flavor operators does not reduce the Nc scaling
power. The systematic 1/Nc expansion is implied by a set of operator identities [21, 23]
which leads to the two reduction rules:
• All operator products in which two flavor indices are contracted using δab, fabc or dabc
or two spin indices on G’s are contracted using δij or εijk can be eliminated.
• All operator products in which two flavor indices are contracted using symmetric or
antisymmetric combinations of two different d and/or f symbols can be eliminated.
The only exception to this rule is the antisymmetric combination facg dbch − fbcg dach.
As a consequence the infinite tower of spin-flavor operators truncates at any given order in
the 1/Nc expansion.
We turn to the 1/Nc expansion of the baryon matrix elements of the operators in Eq. (18).
We focus on the space components of the correlation functions. In application of the oper-
ator reduction rules, the baryon matrix elements of the product of two quark currents are
expanded in powers of the effective one-body operators according to Eq. (20). The ansatz
for the momentum dependence of the expansion coefficients in (20) is furnished by the lead-
ing order terms in the corresponding low-energy expansion stated in Eqs. (31-33). In the
course of the construction of the various structures, parity and time-reversal transformation
properties are taken into account. To the subleading order in the 1/Nc-expansion we find
the relevance of the following 11 effective operators
〈p¯, χ¯| C¯AAij,a |p, χ〉 = p¯i pj (χ¯| gAA1 T a + 12 gAA2
[
Jk, G
a
k
]
+
|χ),
〈p¯, χ¯| C¯V Vij,a |p, χ〉 = δij (χ¯| gV V1 T a + 12 gV V2
[
Jk, G
a
k
]
+
|χ)
+ i ǫijk(χ¯| gV V3 Gak + 12 gV V4
[
Jk, T
a
]
+
|χ)
+ (χ¯|1
2
gV V5
[
Ji, G
a
j
]
+
+ 1
2
gV V6
[
Jj, G
a
i
]
+
|χ),
〈p¯, χ¯| C¯V Aij,a |p, χ〉 = pj (χ¯| gV A1 Gai + 12 gV A2
[
Ji, T
a
]
+
+ 1
2
gV A3 i εikl
[
Jk, G
a
l
]
+
|χ). (25)
In contrast to Eq. (21), where the flavor index a takes the values 1, ..., 8, the flavor index
a in Eq. (25) runs from 0 to 8 with the identification2
T 0 =
√
1
6
1 , G0i =
√
1
6
Ji . (26)
2 The factor 1/
√
6 in Eq. (26) follows from the normalization of λ0 and from the definition of the effective
operators T a and Gai .
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The matrix elements of the operators in Eq. (25) are obtained by consecutive applications of
the results in Eq. (21). The matrix elements of all symmetric combinations of two one-body
effective operators can be found in the Appendix of Ref. [21].
Combining the largeNc and the low-energy expansions for the baryonic matrix elements of
quark operators (or products of them) under consideration, leads to the correlations between
the unknown parameters in both expansions. In our special case, matching of the three lines
in Eq. (25) to the corresponding expressions in the Appendix provides the following three
sets of matching results:
c
(S)
1 =
3
8
gAA2 , c
(S)
2 =
1
2
gAA1 +
1
4
gAA2 , c
(S)
3 = g
AA
1 −
1
4
gAA2 ,
d
(S)
1 =
3
2
gAA1 +
15
8
gAA2 , d
(S)
2 = 0 , (27)
and
c˜
(S)
1 =
3
8
gV V2 +
1
4
gV V+ , c˜
(S)
2 =
1
2
gV V1 +
1
4
gV V2 +
1
6
gV V+ ,
c˜
(S)
3 = g
V V
1 −
1
4
gV V2 −
1
6
gV V+ ,
c˜
(A)
1 = −
1
4
gV V3 , c˜
(A)
2 = −
1
6
gV V3 −
1
4
gV V4 , c˜
(A)
3 =
1
6
gV V3 −
1
2
gV V4 ,
d˜
(S)
1 =
3
2
g
(V V
1 +
15
8
gV V2 +
9
4
gV V+ , d˜
(S)
2 = 0,
d˜
(E)
1 =
3
2
gV V3 +
9
4
gV V4 − 3 gV V+ , d˜(E)2 =
3
2
gV V4 ,
d˜
(E)
3 =
3
2
gV V3 +
9
4
gV V4 + 3 g
V V
+ , d˜
(E)
4 =
3
2
gV V4 ,
e˜
(A)
1 = g
V V
3 +
3
2
gV V− −
1
2
gV V+ , e˜
(A)
2 = g
V V
3 +
3
2
gV V− +
1
2
gV V+ , (28)
with gV V± =
1
2
(gV V5 ± gV V6 ), and
c
(A)
1 =
1
4
gV A1 , c
(A)
2 =
1
6
gV A1 +
1
4
gV A2 , c
(A)
3 = −
1
6
gV A1 +
1
2
gV A2 ,
e
(A)
1 = −gV A1 +
3
2
gV A3 ,
d
(E)
1 = −
3
2
gV A1 −
9
4
gV A2 , d
(E)
2 = −
3
2
gV A2 . (29)
Note that the parameter e
(A)
2 does not occur in the presented results here. The large-Nc
operator expansion for this parameter is based on the analysis of the matrix elements of
C¯AV , which may be decomposed in terms of additional parameters gAV1,2,3 in analogy to the
decomposition of the matrix elements of C¯V A in Eq. (25). The corresponding results follow
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from Eq. (29) by the replacements e
(A)
1 → e(A)2 and gV A1,2,3 → gAV1,2,3. As a consequence it follows
that gV A1,2 = g
AV
1,2 , but not necessarily g
V A
3 = g
AV
3 .
Altogether we find 12 large-Nc parameters relevant at leading order. Compared with the
26 chiral parameters we expect a set of 14 sum rules. We group the sum rules into three
parts
c
(S)
3 = 2
(
c
(S)
2 − c(S)1
)
, d
(S)
1 = 3
(
c
(S)
1 + c
(S)
2
)
, d
(S)
2 = 0,
c
(A)
3 = 2
(
c
(A)
2 − c(A)1
)
, d
(E)
1 = −9 c(A)2 , d(E)2 = 2
(
2 c
(A)
1 − 3 c(A)2
)
,
c˜
(S)
3 = 2
(
c˜
(S)
2 − c˜(S)1
)
, d˜
(S)
1 = 3
(
c˜
(S)
1 + c˜
(S)
2
)
+
(
e˜
(A)
2 − e˜(A)1
)
, d˜
(S)
2 = 0,
c˜
(A)
3 = 2
(
c˜
(A)
2 − c˜(A)1
)
, d˜
(E)
1 = −9 c˜(A)2 − 3
(
e˜
(A)
2 − e˜(A)1
)
, d˜
(E)
2 = d˜
(E)
4 = 2
(
2 c˜
(A)
1 − 3 c˜(A)2
)
,
d˜
(E)
3 = −9 c˜(A)2 + 3
(
e˜
(A)
2 − e˜(A)1
)
, (30)
where the first and the third parts correlate the coupling constants describing the interactions
of pseudoscalar and vector D mesons, respectively. The second part provides the analogous
relations for the transition interactions, i.e. terms with one pseudoscalar and one vector D
meson field.
We observe that given the third set of the sum rules in Eq. (30), the first two parts
are recovered by applying the results of the heavy-quark mass expansion as summarized in
Eq. (15). This is a remarkable result demonstrating the consistency of a combined heavy-
quark and large-Nc expansion.
V. SUMMARY
We derived sum rules for the leading order two-body counter terms of the chiral La-
grangian as implied by a combined heavy-quark and large-Nc analysis. There are altogether
26 independent terms in the chiral Lagrangian with baryon octet and decuplet fields that
contribute to the D and D∗ meson baryon scattering process at chiral order Q0.
At leading order in the heavy-quark expansion we find the relevance of 11 operators only.
Additional sum rules were derived from the 1/Nc expansion. Combining both expansions, the
number of unknown parameters is further reduced to 5. At present such sum rules can not be
confronted directly with empirical information. They are useful constraints in establishing
a systematic coupled-channel effective field theory for D meson baryon scattering beyond
the threshold region.
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VI. APPENDIX
With the help of the effective interaction discussed in Section II we evaluate the leading
order contributions to the matrix elements of the correlator function in Eq. (18) for the
baryon-octet and baryon-decuplet states. As in the main part of the text, we focus on the
space components only and specify the kinematics in the center of mass system.
The leading terms in the low-momentum expansion of the matrix elements of the product
of two axial-vector currents are
〈p¯, χ¯, c| C¯AAij,a |p, χ, b〉 = p¯i pj δχ¯χ ×


(
2
√
2
3
c
(S)
1 +
√
3
2
c
(S)
3
)
δbc : a = 0
2 c
(S)
1 d
abc + 2 c
(S)
2 i f
abc : a = 1, . . . 8,
〈p¯, χ¯, nop| C¯AAij,a |p, χ, b〉 = 0,
〈p¯, χ¯, nop| C¯AAij,a |p, χ, klm〉 = p¯i pj δχ¯χ ×


(√
2
3
d
(S)
1 +
√
3
2
d
(S)
2
)
δnopklm
d
(S)
1 Λ
a,rst
klm δ
nop
rst .
(31)
Here and in the following the upper row corresponds to the singlet component of the cor-
relation function, C¯ij,0, whereas the second row specifies the matrix elements of its octet
components with a = 1, . . . 8. Furthemore, the flavour summation indices are r, s, t = 1, 2, 3.
The expansion for the product of two vector currents reads
〈p¯, χ¯, c| C¯V Vij,a |p, χ, b〉 = δij δχ¯χ ×


(
2
√
2
3
c˜
(S)
1 +
√
3
2
c˜
(S)
3
)
δbc
2 c˜
(S)
1 d
abc + 2 c˜
(S)
2 if
abc
− iεijk σ(k)χ¯χ ×


(
2
√
2
3
c˜
(A)
1 +
√
3
2
c˜
(A)
3
)
δbc
2 c˜
(A)
1 d
abc + 2 c˜
(A)
2 i f
abc,
〈p¯, χ¯, nop| C¯V Vij,a |p, χ, b〉 = −
1
2
√
2
(
Siσj
)
χ¯χ
×


0
e˜
(A)
1 Λ
nop
ab
+
1
2
√
2
(
Sj σi
)
χ¯χ
×


0
e˜
(A)
2 Λ
nop
ab ,
〈p¯, χ¯, nop| C¯V Vij,a |p, χ, klm〉 = δij δχ¯χ ×


(√
2
3
d˜
(S)
1 +
√
3
2
d˜
(S)
2
)
δnopklm
d˜
(S)
1 Λ
a,rst
klm δ
nop
rst
+
1
2
(
SiS
†
j
)
χ¯χ
×


(√
2
3
d˜
(E)
1 +
√
3
2
d˜
(E)
2
)
δnopklm
d˜
(E)
1 Λ
a,rst
klm δ
nop
rst ,
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− 1
2
(
Sj S
†
i
)
χ¯χ
×


(√
2
3
d˜
(E)
3 +
√
3
2
d˜
(E)
4
)
δnopklm
d˜
(E)
3 Λ
a,rst
klm δ
nop
rst .
(32)
Finally, for the product of a vector and an axialvector currents we obtain:
〈p¯, χ¯, c| C¯V Aij,a |p, χ, b〉 = pj σ(i)χ¯χ ×


(
2
√
2
3
c
(A)
1 +
√
3
2
c
(A)
3
)
δbc
2 c
(A)
1 d
abc + 2 c
(A)
2 i f
abc,
〈p¯, χ¯, nop| C¯V Aij,a |p, χ, b〉 = −
1
2
√
2
pj S
(i)
χ¯χ ×


0
e
(A)
1 Λ
nop
ab ,
〈p¯, χ¯, nop| C¯V Aij,a |p, χ, klm〉 = −
1
2
pj
(
~Sσ(i) ~S†
)
χ¯χ
×


(√
2
3
d
(E)
1 +
√
3
2
d
(E)
2
)
δnopklm
d
(E)
1 Λ
a,rst
klm δ
nop
rst .
(33)
The spin-transition matrices ~σ and ~S and the flavor transition tensors δnopklm, Λ
nop
ab and Λ
c,nop
klm
used above, were already introduced in Eq. (22) and Eq. (23), respectively.
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